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ABSTRACT 

Model studies were c<;mducted to develop the hydraulic design of the 
morning glory inlet and its approach, the vertical bend, the hori­
zontal conduit, and the stilling basin. The diameter of the morning 
glory inlet and conduit was increased to accommodate the design 
flow at maximum reservoir elevation. A deflector, air vent, and 
guide vanes were installed in the vertical bend to direct the flow to 
the invert of the conduit and to reduce the oscillation of the flow 
through the conduit. The size of the stilling basin was increased 
and the end sill modified to eliminate the need for intermediate 
baffle piers. 

DESCRIPTORS--*Spillways/ spillway crests/discharge coefficients/ 
hydraulic conduits /bends /hydraulic models /piezometers j,'f. stilling 
basins/ guide vanes /hydraulic jumps /hydraulic similitude 

IDENTIFIERS--':'Morning glory inlets/ subatmospheric pressures/ 
conduit deflectors /baffle blocks 
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PURPOSE 

The studies were condu.cted to develop the hydraulic design of the 
spillway approach, the morning glory inlet, the vertical bend, the 
horizontal conduit, and the stilling basin. 

CONCLUSIONS 

1. Flow in the preliminary approach to the spillway inlet was 
satisfactory (Figure 14). 

2. The diameter of the preliminary morning glory inlet structure 
and conduit was increased 11. 9 percent to accommodate the design 
flow. 

3. A deflector and air vent were installed on the crown side of the 
vertical bend (Figure 5) to steady the flow and provide a positive 
point from which the flow would spring from the crown of the conduit. 

4. Guide vanes were placed on either side of the tunnel crown 
between the deflector and a point 42 feet downstream from the P. T. 
of the bend to reduce the flow oscillations through the conduit. 

5. Pressures were near atmospheric or above in the modified inlet, 
vertical bend, and conduit. 

6. A standard Type II stilling basin which was 10 feet longer than 
the preliminary basin was developed to eliminate the possibility 
of low pressures occurring on the floor baffles. 

7. The height of the basin walls was increased 1 foot to contain 
the waves within the basin. 
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8. The modified stilling basin will adequately accomodate the 
design discharge with a minor amount of erosion in the downstream 
channel. 
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Branch during the period December 1962 through June 1963. Photog­
raphy was by Mr. W. M. Batts, Office Services Branch. 

INTRODUCTION 

San Luis Forebay Dam, as a part of the San Luis Unit of the West 
San Joaquin Division of the Central Valley Project, is located on 
San Luis Creek about 70 miles northwest of Fresno, California 
(Figure 1 ). The purpose of the unit is to store and utilize during 
the irrigation season wintertime water which otherwise would waste 
into the Pacific Ocean. 

The dam (Figures 2 and 3) is an earthfill structure approximately 
10, 000 feet long at the crest and about 70 feet high above the 
wasteway streambed. It will have a maximum reservoir area of 
approximately 2, 000 acres with a reservoir capacity of approxi­
mately 57,500 acre-feet. Its principal feature is a pumping plant 
with a normal capacity of 4,200 cfs (cubic feet per second). 

The spillway, designed for a maximum discharge of 3, 250 cfs, is 
located in the left abutment of the dam (Figure 4). It has a morning 
glory type of inlet (Figure 5) that discharges into a vertical bend, 
which joins a nearly horizontal conduit whose invert at the P. T. of 
the bend is 60 feet below the crest. The conduit is 11 feet 9 inches 
in diameter and slopes downward on a grade of 0. 02137 for a dis­
tance of 327. 98 feet to a chute. The chute curves downward and 
discharges the flow into a stilling basin (Figure 6 ). The basin floor 
is 12 feet lower than the invert of the conduit exit portal. The 
stilling basin discharges the flow into an excavated trapezoidal 
channel. 

Dimensions of the hydraulic features are listed in Table 1 for both 
English and metric units. 
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THE MODEL 

Scope 

The model (Figure 7), as originally constructed, was a 1 :21. 91 
scale reproduction of the spillway inlet, the vertical bend, the 
horizontal conduit, and the stilling basin. A portion of the reser­
voir surrounding the inlet and a short length of the wasteway from 
the stilling basin were included in the model. During the course 
of the model study the inlet, vertical bend, and horizontal conduit 
were increased in size to meet certain design requirements. The 
model dimensions of these parts were not changed; therefore, this 
portion of the model study was based on 1:24. 52 scale ratio. 

Reservoir 

The reservoir was contained in a 16- by 16-foot head box (Figure 7) 
which allowed reproduction of the reservoir for approximately 150 feet 
to the right and left of the inlet and _approximately 350 feet upstream 
from the face of the dam. The upstream face of the dam and the ex­
cavated approach area including the canal from the pumping plant were 
molded of concrete mortar placed on metal lath which had been nailed 
over wooden templates shaped to the surface contours. A 6-inch 
rock baffle was installed along the reservoir side of the approach 
area to smooth the water surface and distribute the inflow. 

The reservoir water surface elevation was measured by means of 
a hook gage mounted within a well attached to the side of the box 
and connected to a piezometer tap located in the floor of the canal 
to the pumping plant. At this location the velocity of approach was 
negligible. 

Morning Glory Inlet 

The inlet was molded of concrete screeded to sheet metal templates. 
Piezometers were installed in the spillway crest and consisted of 

.1/16-inch-inside-diameter brass tubes soldered at right angles 
to the profile shape and filed flush. 

Vertical Bend and Conduit 

The vertical bend and conduit were constructed of transparent plas­
tic. The conduit was made from 5-3/ 4-inch-inside-diameter ex­
truded pipe. This governed the scale of the model. Plastic piezom­
eters having a 1/16-inch inside diameter were installed in critical 
areas. 
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THE INVESTIGATION 

The investigation was concerned with flow conditions in the inlet. 
vertical bend. horizontal conduit, and stilling basin for flows up 
to and including the designed maximum discharge of 3,250 cfs 
(originally 3, 600 cfs). 

Preliminary Inlet and Vertical Bend 

Description. --The morning glory inlet was located in an exca­
vated level area near the left abutment of the dam (Figure 3). 
Its crest was 10 feet above the surrounding level bench. An, 
excavated canal from the outlet structure of the Forebay Pump­
ing Plant crossed through the bench to the left of the inlet. The 
preliminary inlet and vertical bend (Figure 8) did not include a 
deflector, air vent. or guide vanes. It was anticipated that these 
would be required but that they should be developed by means of 
the model study. 

Flow characteristics. --The flow approached the inlet in a very 
smooth and tranquil manner for all discharges. However, the 
flow currents approaching the inlet from the left and right opposed 
each other along a plane approximately 90° to the left of the spill­
way centerline. This caused a fin of water to form deep in the 
throat of the inlet (Figure 9A). This fin of water was larger than 
the normal wrinkling of the water surface that formed around the 
remainder of the throat circumference. Traveling waves were 
imposed upon the wrinkled water surface when wind waves were 
simulated in the model reservoir. 

For a flow of 3,600 cfs the throat filled and a boil formed in 
the inlet (Figure 9B). The elevation of the boil fluctuated, but 
the boil did not rise to a height to submerge the crest. 

In the vertical bend (Figure 10) the flow currents spiraled 
slightly and thin sheets of water crossed over the crown. As 
a result, the flow oscillated from side to side in the horizontal 
conduit. The oscillating flow was more pronounced when waves 
were-generated in the reservoir. For a flow of 3, 600 cfs the 
flow through the vertical bend and horizontal conduit was un­
steady; i.e., portions of the conduit momentarily filled and then 
became vented by air from the inlet. The choking of the inlet 
throat hindered the normal free flow of air through the inlet 
and conduit. These conditions indicated that a deflector with 
air vent was needed to provide a positive point from which the 
flow would spring from the crown of the conduit, and that guide 
vanes were needed to reduce the oscillations and maintain a 
more uniform water surface in the conduit. 
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Calibration. --Calibration of the preliminary design, Figure 11, 
showed that the original design flow of 3,600 cfs was discharged 
at O. 37 foot above maximum reservoir elevation 228. 00 and that 
only 3, 000 cfs would be discharged at the maximum reservoir 
elevation. These results indicated that the crest length and the 
inlet diameter should be increased approximately 20 percent. 

Submergence. --The morning glory inlet submerged at approxi­
mately reservoir elevation 228. 75 with a discharge of about 
4,200 cfs. At submergence the discharge coefficient, Figure 11, 
was 3. 57 as compared to 3. 50 at reservoir elevation 228. 00. 
After submergence the coefficient dropped rapidly to about 1. 10 
and the reservoir rose abruptly to approximately elevation 
233·. 00 before the conduit filled completely. After the conduit 
filled the flow was steady, and the discharge increased at a 
faster rate per unit increase in reservoir elevation. 

Pressures. --Pressures (Figure 12) were subatmospheric in 
the lower region of the crest profile and along the crown of the 
vertical bend. Water manometer pressures on the crown of 
the vertical bend fluctuated between approximately 15 and 2 0 
feet of water below atmospheric at a discharge of 3, 600 cfs. 
The fluctuation was due to the unsteady flow condition previously 
described. As the flow approached a submerged condition, the 
degree of pressure fluctuation diminished. At 4, 200 cfs the 
crest became submerged and the pressures were steady. 

For a discharge of 1, 800 cfs the pressures in the lower region 
of the inlet and in the vertical bend were steady and reached a 
minimum of about 5 feet of water below atmospheric (Figure 12). 
Pressures on the upper portions of the inlet profile were slightly 
above atmospheric. Thi=se pressures indicated that the inlet 
profile was a little too flat in the upper region and curved down­
ward a little too rapidly in the lower region for uniform atmos­
pheric pressure to exist on the complete profile. Both Creager, 
Justin, and Hindsl / and Wagner2 / indicate that the theoretical 
profile of the crest should curve-more steeply than the de sign 
profile in the upper region and less steeply in the lower region. 
Due to the low head-to-crest radius ratio (approximately 0.11), 
the theoretical profile of the crest was not tangent to the P. C. 
of the vertical bend. Therefore, it was necessary to deviate 

1 /Creager, Justin, and Hinds, "Engineering of Dams Volume I, 
- II General Design. 
2/Paper No. 2802 ASCE Transactions, Volume 121, 1956, page 311, 
Morning-glory Shaft Spillways Symposium, "Determination of Pressure­
controlled Profiles, 11 by William E. Wagner, M ASCE. 
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from the theoretical profile in order to bring the design profile 
tangent at the P. C. of the vertical bend. The elevation of the 
P. C. of the vertical bend was fixed within narrow limits by the 
elevation of the near horizontal conduit and stilling basin. 

Inlet and Vertical Bend Modifications 

Initially, it was planned to raise the allowable maximum reservoir 
elevation O. 37 foot to elevation 228. 37 in order to discharge the 
anticipated flow of 3, 600 cfs. It was thought that only modifications 
to the vertical bend and conduit might be required to insure smooth, 
steady flow through the conduit without the conduit flowing more than 
0. 8 full and without the presence of severe subatmospheric pressures. 
Several schemes were tested. 

Three-, six-, and nine-inch deflectors installed at the P. C. on the 
crown side of the vertical bend were found to be infeasible because 
they constricted the flow area and limited the discharge to less than 
3,600 cfs at reservoir elevation 228.37 (Figure 11). The 9-inch 
deflector insured steady, free-surface flow through the conduit but 
limited the maximum flow to approximately 3,100 cfs at reservoir 
elevation 228. 37. The 3- and 6-inch deflectors, in addition to 
limiting the maximum flow, did not insure free - surface flow. 

The vertical bend was lowered 2 feet by installing a 2 -foot tangent 
length of conduit between the morning glory throat and the P. C. of 
the bend. This increased the flow only a negligible amount. 

Next, a deflector was installed tangent to the crown of the vertical 
bend and ended at the P. T. where it projected downward 12 inches 
toward the center of the conduit. An air vent was placed at the 
downstream end of the deflector. With this deflector the maximum 
free flow over the crest was 3, 600 cfs at reservoir elevation 228. 37 
(Figure 11). However, this deflector was not large enough to in­
sure steady, free-surface flow through the conduit for the maximum 
anticipated flow of 3,600 cfs and the subatmospheric pressures on 
the crown of the bend were not reduced. A 24-inch deflector at the 
P. T. of the crown of the bend caused the throat of the inlet and 
vertical bend to fill and reduced the flow at maximum reservoir 
elevation 228. 37 to approximately 3, 350 cfs (Figure 11 ). The dis­
charge was increased to 3, 400 cfs by placing a 2-foot tangent length 
of vertical conduit between the throat of the morning glory and the 
P. C. of the vertical bend (Figure 11 ). Since the vertical bend 
flowed full, the subatmospheric pressures that had been noted on 
the crown of the bend upstream of the deflector were reduced. How­
ever, at about 3, 200 cfs the pressures fluctuated from about 3 feet 
of water below atmospheric to about 12 feet above. For discharges 
above 3, 200 cfs, the pressures were fairly steady at about 8 feet 
of water below atmospheric. · 
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At this stage of the investigation, the design flood was rerouted 
through the reservoir and it was determined that the required max­
imum spillway discharge could possibly be reduced to 3,210 cfs 
at reservoir elevation 228. 26. This requirement could be met 
easily with a 24-inch deflector at the P. T. of the bend but not 
with a 9-inch deflector at the P. C. (Figure 11). A smaller deflec­
tor at the P. C. met the discharge requirements but was too small 
to adequately deflect the flow from the crown of the conduit. 

Additional capacity and pressure tests of the inlet were made with 
the vertical bend removed. This arrangement simulated the inlet 
discharging into a fully vented vertical bend having a diameter 
larger than the inlet throat diameter. With this arrangement, the 
discha_rge at the revised maximum reservoir elevation 228. 26 was 
approximately 3, 450 cfs (Figure 11 ), which was 240 cfs more than 
the revised requirement of 3,210 cfs and 150 cfs less than the 
originally anticipated flow of 3, 600 cfs. For 3,600 cfs pressures 
on the crest profile were above atmospheric but fluctuated consider­
ably (Figure 12). 

This design was not considered further since extensive revisions 
to the vertical bend and conduit would be required to develop good 
flow conditions. Instead, it was decided to increase the size of 
the structure to increase the capacity to 3, 600 cfs at reservoir 
elevation 228.26. 

Recommended Inlet and Vertical Bend 

Description. --The diameters of the inlet, vertical bend, and 
conduit were increased 11. 9 percent to attain a discharge of 
3, 600 cfs at reservoir elevation 228. 26. The outside diameter 
of the inlet was increased from 54 to 60. 5 feet and the conduit 
diameter from 10. 5 to 11. 75 feet (Figures 4 and 5). The crest 
elevation remained the same but the P. T. of the invert of the 
vertical bend was lowered 6. 4 feet to elevation 165. 00, which 
changed the slope of the conduit. A 2 7 -inch deflector was ex­
tended vertically downward from the P. C. of the crown of the 
vertical bend. An air vent was installed below the deflector. 
Guide vanes were placed along the crown of the conduit and 
extended from the downstream corners of the deflector, through 
the vertical bend, and for a distance of 42. 48 feet into the con­
duit. The 2-foot-wide undersurfaces of the vanes were tilted 
downward 4 inches to intercept and turn the spinning sheets of 
water downward toward the center of the conduit. Intake to the 
air vent was through a p:l.er located on the crown side of the 
circular crest. 

Rather than reconstruct the model, the model scale was increased 
11. 9 percent from 1:21. 91 to 1=24. 52 for ~ompletion of the inlet, 
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vertical bend., and conduit tests. However., the slope of the 
tunnel was revised from 0. 035 to O. 02137 since the station and 
elevation of the exit portal was not revised in accordance with 
the 11. 9 percent. 

Calibration. --The discharge capacity of the revised inlet was 
3., 610 cfs at reservoir elevation 228. 26 (Figure 13). At this 
stage of the study, it was learned that a much larger quantity 
of material would be excavated from the reservoir area for the 
construction of San Luis Dam than originally anticipated. This 
excavation sufficiently increased the storage capacity of the 
reservoir to reduce the required design discharge to 3., 250 cfs 
at reservoir elevation 228. 00. Calibration of the model spill-
way showed the capacity to slightly exceed this requirement 
(Figure 13). The discharge coefficient in the equation Q :;. CLH3 /2 
was approximately 3. 45 at 3,250 cfs (Figure 13). 

Flow characteristics. --Flow conditions in the approach area and 
in the spillway inlet were excellent. However, flow currents 
approaching the inlet merged along a plane approximately 90° to 
the left of the spillway centerline and caused a fin of water to 
form deep in the throat of the morning glory inlet (Figures 14 
and 15 ). The fin was in addition to the normal wrinkling of the 
water surface. 

The throat did not choke up until the discharge exceeded 3, 250 cfs 
(Figures 13, 14, and 15). Even with 2-foot wind waves imposed 
upon the reservoir water surface, the throat of the inlet did not 
choke up at a discharge of 3,250 cfs (Figure 15). 

Flow in the vertical bend and conduit (Figures 16 and 17) was 
steady. The air demand through the vent was not excessive 
since the air vent could be closed without affecting the steady 
flow condition. The crown of the vertical bend and horizontal 
conduit was free from oscillating flow and spinning sheets of 
water at all discharges. However, 2-foot-high wind waves on 
the reservoir water surface caused some spinning of the flow 
and some oscillation of the water surface through the conduit. 
These oscillations were damped out by the two 2-foot-wide guide 
vanes (Figures 4 and 5) along the crown of the conduit downstream 
from the face of the deflector. 

Pressures. --Pressures in the inlet and conduit (Figures 18 and 
19) were satisfactory. No severe subatmospheric pressures were 
detected. Pressures on the guide vanes were not measured since 
a similar installation in the vertical bend of the San Luis Dam 
spillway showed no severe subatmospheric pressures to exist. 'ii 

3/Bureau of Reclamation, Hydraulic Branch Report No. Hyd-515 
,.,Hydraulic Model Studies of San Luis Dam Spillway, Central Valley 
Project, California," by G. L. Beichley. 
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Flow depths. --Flow depths were measured in the conduit for com­
parison with pressures. The pressures along the invert of the 
horizontal conduit were a little greater than indicated by the flow 
depths (Figure 19). 

Stilling Basin Test Procedures 

The 1:21. 91 scale model was used to develop the stilling basin. For 
most tests. a 12-inch (prototype) deflector was installed at the be­
ginning of the vertical bend to control the flow through the inlet, and 
raise the reservoir enough to increase the velocity, Vi, at the chute 
blocks from approximately 52 to 60 feet per second. For this condition 
the entrance depth, D1. was 2. 4 feet and the Froude number was 6. 82. 
This additional head compensated for model conduit roughness which 
offered more frictional resistance to the flow than designed for in the 
prototype. 

The model roughness coefficient, n, in the Manning's equation, is 
estimated to be between 0. 008 and 0. 009, which represents a pro­
totype coefficient of between 0. 013 and 0. 015. To be on the side of 
safety, the stilling basin is designed to maintain a hydraulic jump 
for an entrance velocity based on a prototype roughness coefficient 
of 0. 008. This would produce a velocity of approximately 65 feet per 
second at the chute blocks. However, tbe actual prototype roughness 
coefficient is more likely to be closer to 0. 013, which would produce 
a velocity of about 57 feet per second. 

For a few tests. the deflector size was increased sufficiently to 
raise the reservoir water surface to the top of the model head box, 
which increased the average velocity to 63. 7 feet per second. For 
this condition, D1 was 2. 26 feet and the Froude number was 7. 48. 
Some of the tests in the. preliminary basin were made without choking 
the inlet in which case V 1 was 52 feet per second, Di was 2. 78 feet, 
and F.was 5. 5; other tests were made by choking the inlet with a 
9-inch deflector in which case V 1 was 57. 8 feet per second, D1 was 
2. 5 feet, and F was 6. 44 feet. 

Preliminary Transition and Stilling Basin 

Description. --The preliminary basin (Figure 8) contained floor 
baffles and a solid end sill. The floor baffles were at a distance 
of 0. 8 D2 (18 feet) downstream from the chute blocks. The 
anticipated tailwater for the design flow was estimated to be 
between elevations 168. 00 and 170. 00. 

Flow characteristics. --At the exit portal flow conditions were 
satisfactory in both the conduit transition section and the chute 
trajectory. The flow distribution across the width of the chute 
trajectory at the entrance to the stilling basin was also very good. 
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The stilling basin dissipated the energy very well, even at an 
entrance velocity of 63. 7 feet per second and minimum tailwater 
elevation 168. 00 (Figure 20). The tailwater could be lowered 
5. 5 feet to elevation 162. 5 before the chute blocks were uncovered 
and even then the hydraulic jump was effective. The water surface 
in the downstream portion of the basin was relatively smooth. 

Erosion. --Channel erosion downstream from the basin was minor 
(Figure 20). At the two downstream corners of the basin the sand 
bed in the model was eroded from end sill elevation 148. 25 to 
elevations 146 and 145. It was anticipated that the 3-foot riprap 
called for in the specifications would provide ample protection to 
the structure. 

Pressures. --Pressures in the transition, chute trajectory, and 
stilling basin were satisfactory for an entrance velocity, V 1, of 
52 feet per second with tailwater elevation 168. 00 (Figure 21 ). 
For this tailwater elevation, the baffle block pressures fluctuated 
to as much as 5 feet of water below atmospheric. As the tail­
water was lowered to elevation 164. 00, the pressures on the 
baffles were progressively reduced to a minimum of 22 feet below 
atmospheric at piezometer 7 5 ( Figure 21). 

Pressures for the higher test velocities were not recorded; how­
ever, increasing the entrance velocity lowered the pressures on 
both chute blocks and floor baffles. Therefore, it seemed desirable 
to develop a basin without use of the baffle blocks if economically 
feasible. 

First Modification to the Stilling Basin 

Flow characteristics. --With the baffle blocks removed, the basin 
appeared to be sufficiently long and deep to contain the hydraulic 
jump for the anticipated maximum flow of 3, 600 cfs discharging 
at a velocity of 57. 8 feet per second (Figure 22). However, surges 
within the jump were quite large and extended beyond the end of 
the basin. 

Average water surfaces profiles for the design flow entering the 
basin at 52 feet per second with the tailwater at elevations 170. 00 
and 168. 00 are shown in Figure 23. The tailwater could be lowered 
to elevation 164. 00 before the chute blocks were completely exposed 
and to elevation 162. 50 before the jump was on the verge of sweeping 
out of the basin. 

Erosion. --Erosion was minor but slightly greater than in the pre­
liminary design. Compare Figures 20 and 22. 
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Second Modification to the Transition and Stilling Basin 

Description. --The recommended changes in the conduit diameter 
and slope resulted in a longer portal transition, flatter chute 
trajectory from the conduit portal to the basin floor, and a slight 
decrease in the angle of flare of the chute trajectory walls. In 
addition, the design flow tailwater was increased from elevation 
168. 00 to elevation 170. 00, and the stilling basin floor was raised 
1. 5 feet to elevation 146. 50. The length of the basin was not 
changed. 

The changes in conduit transition and chute trajectory were not 
made in the model since no hydraulic problems in either could be 
anticipated based on the preliminary design tests. To reflect the 
change in basin floor elevation without physically modifying the 
basin in the model, the channel bed and the tailwater were lowered 
1. 5 feet. 

Flow characteristics. --For the design flow of 3,600 cfs with an 
average entrance velocity of 52 feet per second, the modified basin 
performed quite well. The water surface in the basin at tailwater 
elevation 170. 00 was approximately the same as shown for tail­
water elevation 168. 00 in the first modification (Figure 23). 

When the entrance velocity was increased to 63. 7 feet per second, 
the hydraulic jump moved downstream and created a rough water 
surface downstream from the basin (Figure 24). The toe of the 
jump was 20 feet upstream from the downstream end of chute 
blocks with tailwater elevation 170. 00, and 5 feet upstream with 
tailwater elevation 168. 00. At tailwater elevation 166. 00 the jump 
was practically swept out of the basin with the toe of the jump near 
the end sill. By reducing the velocity to 60 feet per second and 
maintaining tailwater elevation 166. 00, the toe of the jump moved 
upstream to within about 25 feet of the chute blocks; however, the 
jump was still considered to be nearly swept out. 

Erosion. --The channel bed was eroded at the downstream corners 
of the basin (Figure 24) about the same as observed with the previous 
basins. However, the eddies washed in much more of the channel 
banks and deposited a larger mound of material in the center of 
the channel. 

Pressures. --Pressures in the modified basin were satisfactory 
with an entrance velocity of 60 feet per second for design flow 
3,600 cfs at tailwater elevation 170. 00 (Figures 25 and 26). The 
lowest water manometer pressure was at Piezometer 67 on the 
side of the chute block, and fluctuated to 6 feet below atmospheric 
at tailwater elevation 170. 00. For this test condition, pressure 
transducers indicated an average minimum instantaneous pressure 
of 15 feet of water below atmospheric and an average mean pressure 
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of 3 feet of water above atmospheric. By lowering the tail water 
below elevation 170. 00 or i:Qcreasing the entrance velocity, still 
lower subatmospheric pressures were observed (Figures 26 and 
27). Increasing the_ entrance velocity to 6 3. 7 feet per second 
lowered the minimum water manometer pressure to 13 feet of 
water below atmospheric for tailwater elevation 170. 00 (Figure 27). 

Pressure transducers were attached to the piezometers in the two 
most critical pressure areas on the chute blocks and to some of 
the wall piezometers to measure dynamic pressure fluctuations. 
These pressures, shown in tabular form in Figures 25 and 26, 
were measured to determine the severity of the instantaneous 
subatmospheric pressures in these areas and to aid in the design 
of the basin walls. It was decided to streamline the chute b.16cks 
as a precautionary measure. 

Recommended Stilling Basin 

Description. --The recommended basin (Figure 6) was 80 feet long 
with its floor at elevation 146. 00 and its training walls extended to 
elevation 1 76. 00. This basin was 10 feet longer and one-half foot 
deeper than the second modified basin and the walls were 1 foot 
higher. To follow established design practices for a Type II basin, 
the solid end sill of the preliminary basin was replaced with a 
dentated end sill. The top edges of the chute blocks were stream­
lined with a 10-inch radius. The design flow was reduced to 
3, 250 cfs and the design tailwater was established at elevation 
169. 5 prior to installation of this basin. 

Flow characteristics. --The basin performance was excellent at 
all flows up to and including the maximum discharge of 3, 250 cfs 
with the entrance velocity at 63. 7 feet per second and tailwater 
elevation 169. 5 (Figure 28). Most of the surface turbulence 
created by the hydraulic jump occurred within the basin rather 
than in the downstream channel, which was the reason for extending 
the basin walls to elevation 176. 00. The dentated end sill aided 
slightly in smoothing the water surface beyond the end of the basin. 

The chute blocks were uncovered when the tailwater was lowered 
to elevation 167. 00, and the hydraulic jump was on the verge of 
sweeping out of the basin when the tailwater was lowered to 
elevation 166. 00. 

The performance of this basin was an improvement over that of 
the second modified basin and was believed to provide sufficient 
safety factor against sweepout. The safety. factor and the per­
formance were improved further when the entrance velocity was 
reduced to that computed for a conduit roughness coefficient of 
n = 0. 013. 
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Erosion. --Erosion of the channel was about the same as in the 
preceding designs. At the downstream corners of the model basin 
the sand channel was eroded from elevation 3146 to elevation 3145. 5. 
It was anticipated that 3-foot riprap called for in the specifications 
would provide ample protection to the structure. 

Pressures. --Pressures in the recommended basin were not meas­
ured since the pressures can be assumed to be slightly higher than 
those observed in the second modification due to the O. 5-foot lower 
floor elevation (Figure 25). Pressures along the sides of the chute 
blocks (Figures 26 and 27) for the second modified basin will be 
increased by the streamlining of the chute blocks in the recommended 
basin. 
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Table 1 

DIMENSIONS OF HYDRAULIC FEATURES 

Feature 

Height of dam 
Length of dam at crest 
Reservoir area 
Reservoir capacity 
Spillway design capacity 

Head on crest at design 
capacity 

Morning glory inlet 
diameter 

Vertical bend center­
line radius 

Spillway conduit 
diameter 

Drop from crest to 
conduit invert 

Conduit length 
Basin length (portal 

to end sill) 
Drop from crest to 

basin floor 

English 
units 

70 feet 
10, 000 feet 
2, 000 acres 
57, 500 acre-feet 
3, 250 cfs 

3 feet 

60. 5 feet 

16. 79 feet 

11. 75 feet 

60 feet 

327. 98 feet 
16 0 feet 

79 feet 

Metric 
units 

21. 34 meters 
3, 048 meters 
8. 09 square kilometers 
7. 09 x 107 cubic meters 
92. 03 cubic meters per 

second 
O. 91 meters 

18. 44 meters 

5.12 meters 

3. 58 meters 

18. 29 meters 

99. 97 meters 
48. 77 meters 

24. 08 meters 
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REPORT HYD-517 

.-----------------------------------------------------------------------------------------

Sta. 5+44. 29 --~ 
B 

r>-

'·-35" Chai, 

i,:t -1c-=-, 
11; I I I/ 
~ I I/ :-::-:~.:)!; j_, .,, See chute block 

detail------- -

Cr;,,-

$:~ ~ 15" C ~ :':.-8" SP drain outlet 
-- .. --- If I I I 

!I!! I I .-Symm. about £ spillway 
tlr-t I -------,;-

( with colked joints 

111 I I I : 
, .. 1l1 \ I 1 

~:_7:] I: f 
-"=7i+ 1 I I 

\:, 
'i, 

~ 8" Perf S.P droins:--------.g; ~:!
18

,, 

-,: ii! \ I L 
Wvt-_ 4--.....: ---- 1:Jtj~--========---------::_=_----·- ;..::--c.c..·=tt-'=:f':.:2·6~--f'' " 

----!..--15 

---

Er 
EL-

,-,Reference pomfs 

1 

\~ 
=-w-r--=---~ j ,, 

,I 
II 

-~ _, i 
"' ' 

•a 'a _, 
"' 

" I _ ____L_ __ t-- 71 

·i· t·/8" " f 1 --------,-~ 4 Per. 
11 ,' 
l'I I 

::::c-cA --=-- f 

~___I'__. 

s. P drams --

I 

I 

ul 
,11 
1,1 
,1 
I 

,I 
,I 
:1 

. ,..;1 
-----h­

J1 Ji): 

-Sto. 7+04 29 

JA Sto 5+44 29·· '-a, 

v• ;: - -----v'--f 

Type "t," rubber " -+---· .. -·.: · - .·_ ;_ i . 
waferstop-- -,: ,u _ IL 

~ 4a ,, 
i-: 

-+ -.. .-<- .I v'- l 

--3'·8"± 

-.__Kz-1-..r.!~1 
36 144 

Type A rubber woterstop ': 
Extend to 6"from edge :-----. 
of heel 

'a:, 

~-~i---/ 
::.-3''-n-2 .. ·.;, 

--~=-:::.:-:.-1 ..• :> . -~ :~ ' 

~-<\IA;-,.,,,L,;· I j_ 

[Elost,c filler 
moter,ol 

DETAIL X 

:'Type 'A" rubber woterstop 
,·\ Extend to 6" from edge 
\ :, of heel. 

EXPANSION JOINT DETAIL r 
4" Air inlet encased in wo11-- L 

C >-
PLAN 

I-<-----------

cL--lo'~ ,-36" Chain link fence 

:: ,, : /_-see Dwg. 805-D-/598 for post recess detail 

Reference point-----: 1:·,6 ., / ,---Type "A"rubber woterstop .--.,•------Reference nnint<-----

Units @ 40'-o" ea.= /60'-o" 

L>-­
B 

_.-_~:-
0
-- -- - ------ Reference points---

i-<---

' 
-i-6'~----~ 

rd. sides/ope 
____ _r1' 

--Top of backfill, EU72. o .-Sta. 6+64. 29 9"J ~:::~:J --f 
p,, 

I ""'-Sta. 5+44.29 
Expansion joint, ,\ ----.;:·-3:/ Dom slope, limit of 

see detail----------
1 
l ,,, -- ~peciolly compacted eorthfi/1 

\: /z Offset in floor between !!'ner 

s=o 
02137 
~ I 1,: _ faces of wall, see Detail Z--:....-.:_-:._· 

0
.. >- 1 ;:El.I58.00 ,-..,· _ 

r,g,n ·, · ",J - - 'U 2 -. --
Sta. 5+37.64 : · . . /---24', , ~) 

El.158.07------,-, , ·, . . 

--Sto.5+8429--------------..-;~ir inlet--
11 
11 

--Contraction joints -- --- - - -- · --- ------------ -- · -- · -

11

[ 

~

I: 

,-Thickness varies uniformly 
i from z'l of Sto. 5+44. 29 
\ to 2'-9" of Sta. 6+24.29 

- I 
I 
I 

I 
,1 

---Sto. 6•24.29 

-18" 

One layer ,- 1 __ "" 

tor paper----·/ --------1" $ Plain dowels 24'' , ., 

S D t °/ W _/ _ _ _ _ _ _ _ _ _ _ long @18"ctrs in floor only. --:.J- -_ _,, , :---~f~~~--

1: 
11 
11 
11 
11 

ee e 01 -r·------------------l 12",.; :_,_ )-2 :/ ----- -,r---

, # 9 Anchor bars@ 5'-0" ctrs. I .~ · 

El 176.00--, 
-~~i;<-ti' 

E/172.00·-. 

,,,-

I 
I 

along slope : : 
7'--o';:- 1 , 8" Perf S. P cross dro1n·-r------

•,1!9 Anchor bars @ 5co" ctrs 

I , 
. L_? ' '-

_.-Symm. about [ Outlet Works 

·: :-,i' 
.--El 172.00 

-~tl',<-

,, I I # 
12->< -~y--------- 9 Anchor 

SECTION A-A 

"E/_17100 

'·-2 Mesh -o.080" dio. 
steel wire cloth golv. 

_,,_ 

'<-0,o 
,......_ o;,c­

......_ r,0 
',~ 

--Contraction joint -Sta. 7+04. 24 

El. 146.00-----

',, 

to''R·; 
-~ _, 
':" 

---- ---- --z~:, (· 

' ' 
El. 150. 1/-':, J-:,;_-,-2-,!0"6 ____ , 

\ ';.._' 

CHUTE BLOCK DETAIL 

a·.· . ·o:-

/El.I46.00 • .,.,--- , ,-·2:/ - El/48. 63 . . -i -- _f 41--, ~. ,··El /46 00 ,,_Y .-

L ~ ~~~ . -~-
·~· @ ,, • I _,)t;;.~:~. Moi, X -- • ff !i~: <?--:' , "" ------• ~ - . ';'' " ,,., .. -r _:~- --,, -- ---b - - - . :, . . ; ,,, 

----- 9 A h ~- -------------r, ~ a:,\ •

0

,,.. 
nc or bars@ 

50
7----- f-.1- : .. 

0 

. ctrs.---------:- ,,--- __ y_ 3 R,propon 
utlme . - / , - , " . · 

of s,de cutoff-------, .,..:,e'c< 8 bedd1ng.-

.--U2 

-~-r,,_~fl' 

''f> 

~urlop ' i ·.--:0_ ·; ·:_ f. 
' Sand,:,Jc~:~ ~~' " 

_.--4"Groded grovel 

.--,·// 
,...t,..J~ 

~-5~'.'-:J 

j Mortar or _.---- X , ,, ·-:-_L-4 Perf . 
/eon concrete-· 2:1-· ~-2-6-- s. p dram 

SECTION E-E 

Batter J"per ff­

,<- --8'-o''. ->iz4 
! --,;~-L.,~ 

:-varies-\ ,., ---Batter f per ft 1
I7 Jj_ 

, tock weld to pipe. 
~ A,r ,nlet pipe 

4" o.o. steel pipe. 
# /0 go. wall----· -- · 

a" s. p drain outlet 
with colked ;oinfs---,, .--El.I48.50 

Drain not 
shown 

'«> 1 ·Contraction joint. 

}14-tf.t~ } 
/.'/---

'Specially 
compacted 
earth f1JI 
within dam 
embankment 

·a _, 

.,- 4" Perf S P dram 

\ 

-12'-6"-

~~f 

\.I! 9 Anchor bars 
@ 5'-0" ctrs 

SECTION B-B 

,., ' 

;~Perv,ous backfill Batter J" per. ft-----------

Perv,ous backfill--. ___ •. -,,- .. 
. "' •• 111 

-< 1 I below bockf1// ',_ -:,. 
, 2 I above bocffill J ): · 

l -~ 

J 

End plate 4{1D j 
xs.!." OD x #10 go --...::; \\\o . ·: 

ta/k weld to ~'~®e---

1 
~-q ) 

El 146 0 -·· _ 

SECTION C-C 

calked 

: .. 1.-Burlop 

--8" Perf. 
SP drain 

. c<---Sto. 6+24.29 

0Ld
,,~--EI. 146.00 

--4" Perf 

, . S. P drain. 

8' Perf .i',,, , __ , 
S.P. drain.--- - --q:<-2'·6·~~\2:1 

4' Graded grovei-' 
·-see Detail Y 

SECTION D-D 

12">-i{'l- : "I _ I 
6·>1 I 

... ~., ~ I :~ 
I 

DETAIL W 

: J.,,.;9 -
:' 9"1~ 

: PLAN 
Top of wol/·c·,,, ,.----;f'x 2{ Bross or 

m-, ,, stoinless steel 
carriage bolt. 

0 
. 

REFERENCE POINT 
PLACEMENT DETAIL 

DETAIL Y 
(CHUTE BLOCK AND DRAIN NOT SHOWN) 

~lt\j 

Controct,on or ~j 
expansion Jamt-- --~ --. · -~·,,_, • 

.: 9 r<-

DETAIL Z 

NOTES 
For general concrete outline notes, see Dwg. 40-0-5530 

REFERENCE DRAWINGS 
SPILLWAY-PLAN, PROFILE AND SECTIDNS _____________ 8D5-D-l598 

CHUTE AND STILLING BASIN - REINFORCEMENT ________ 805 -D-1603 

,.,--- -----·---·-··~--- ,. __ _ 
CHUTE FLOOR FINISH OESIGNATION. 

ALWAYS TMinifS'illTV 
UNITED STATES 

DEPARTMENT OF THE INTERIOR 
BIJREAU OF RECLA MA TIDN 

C£NTRAL VALL£Y PROJ£CT 
W£ST SAN JOAQUIN OIV.- SAN LUIS UNIT-CALIFORNIA 

SAN LUIS FOREBAY DAM 

SPILLWAY 
CHUTE AND STILLING BASIN 

DRAWN_ - - - _?'.:\¥_ .1"!-l.Q- _____ SVl!IMITTEO .. 7l( (lR~-- -
TRACED ___ - ~ - ~.~,_~._ _ __ RECOMMENOEO_(,f:,_''lJ:;j_.J1(~ ____ _ 

CHl!Ct<EO._ - -- -"!·ti's~- _____ APPROVED ____ 
1~:..'l..:.~J½ 

CHl#rf'" OAIMl!!I .ftANCl-f -

DENVER, COL.ORADO AUG /3, /9~3 805-D-1600 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



15 

r------­
\ 
\ 
\ 
I 

\ 
~~ 

I 
-~ 

\ 
\ 

\ 
\ 

11 ---------------~\ 

B 
-1 

_ i5'-0.0Z -- --------·j \ 

_,.,_,._~_::~:::::::::::>--- \\----=-:·---------------24'-o''------------------------------7 __ 1 
"·--()--·-El. 110--C\----Y 

~ 

,.·· 

r, / 
.---El. 160---'--'" 

___ _()·_·~------

! 
=l 
-2 
·! 
! 
i 
l 

· II~ I 11 

. ~ I ;<i I i : I i l l :___l 
~ "'' L---. J 

.-JC_\:. \ -------.-,--·\ --< 

·-~:!:~:::::::::~~-:i~~~::::::_: _______ '..----' B 

\ PLAN 
CD 
"l ,., 

El. 192.17--, ___ !\. 

\ ___________ _ 
~ I II r, 10.95-~ r-<-·--------:-6:-1.93-~-.., i-o :--c·--

t~*°~~ ' =· 

L:::::::;::::::::J 
SECTION B-B 

EI. 233.00·--, 
Head Box-, \ 

CD 

::: SECTION C-C 

,-Channel El. 202.00 ,--Crest El. 225.00 
/ ,•Res. El. 228.00 i ,--·-El. 215.00 

---i 

~ 
~ El.160.62 (Head Box)-, 

_j El 16000 (Tool Box)--.\ 

;-----T I~ \ 
:g 1h j--rf------ ------1 f -- --- -- : , --_ · x r= rl I 

,-El. 145.00 0:..-
i W.S. El. 168.00-\ ~ 
\__ .·Ei.148.25 ·,_ '-

~ a, 
"' ... 
0: 'S? 

().c .. nd--{" 

_.--Toi I Box __ f 

fa 
'ho t ~ ~ ~ r---4'-4.5''-i-<----4~~~~-~===.:-~~-~:.5_:-:.~ __ 69"9_6_{=: l'~~-86" ,. "" ~ t -. I 

• 
1 0.46"-----------------_J a::i • 

1 
' , Existing Folse \· ... 2·-9-:S,::O:J 

\Existing Sill 19" 

I 
'l,'.. 

" !!! 
18 
"' 

., 
CD 
CJ> 

~ 

·' !!! 

SECTION A-A 

SAN LUIS FORE BAY DAM SPILLWAY 
I :21.91 SCALE MODEL 

>. 
__JA 

"' .. .,, .. _ 
OGI 
~c: 
:c::U 
.~111 

i~~ .. 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



1~ 
I~ ,-Transition from circular to rectangular cross 

/ section for lower half of conduit 

~-.... 

' A / 1,,_ /Sta. 4 + 39.29 

. ._ ·b .. -~ .-L_,·~ ·. ~ 

,,. __ /· ----20' -o· ------1 ------------- so' -o" ---- --- --1--+--

!L• Q.QM_---- ---El. 160.00 

El. 160.16···' f<---:-~. ::~.=r 
L,,_ 
A 

,--
Width varies from 10'-6' at Sta. i 

4+39.29 ta 25'-o" at Sta. 5+19.29-------' 

0 .--Sto. 5+ 19.29 ,.--El. I 74.00 

,-·El. 170.00 
-L--------..............._ 

---------------

-----------'¾ ------, ______ ______ 

o" --------------- -- _______ ::-,.,,.-c.::___ -- - ----

L_:f 
1·-L1 !!1 

-] ~ 

149.00 

SECTION ON 'i, OF BASIN 

j f"[D ____ _ 
·.;. .. Ll 
N Q 

El. 148.25--~.'-.____ 
-~------:. 

Sta. 5 + 89.29 

El. 160.00·--

} ~ 

r-------------26.34' R----------7 /~:5• 00' 1111-:(;--~ 

~ [D 

[D.% ;J, .,-£ Spillway 
,:, _L _____ _ --~-

EL 225 00·----,., I !/9l 
r .-,,:.:_ A,;!'\ ;a._a·. 

/ 

' 
' 

\\ 
•• •• ·. _: 

0
_·: <-t ~! .:·: ~.:-. -~ ?7 ----J6' '6"/1--,_~~~-:~~:-\\ 

El 193.00--.~o _ ~ . _- _____ -==--=---= .• ~--=· ~~::' -::::.:~~-~1~~:~~-2 ________ -:_::::~~. 

-~:\:\_._ ."<;kt/ .. }: 
' . ' 

0 ... 0 ''---+--
0 ~ l 

. I ---P.T. El.171.38,Sta.1+14.29 
,. · .. ' .. 0 _"o·'. :·-.-o_-'-\(~·.· ... _;,._·:6:~ ,:-o.· ."-:.: ... . . L 

B>-

Lld I --a- 1 11 

BASIN PLAN 

5'-3" R-- Sta. 4+ 19.29 to oo at 
Sta. 4 + 39.29 $ ---Radii vary from 5'-3" at 

SEC.A-A 

SEC. B-B 

SAN LUIS FOREBAY DAM SPILLWAY 

PRELIMINARY INLET AND STILLING BASIN 

., 
1 .. -,, 

~i;; 

l 

... c: 
:,::U 
;;I'll .,a, 
.... 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



A. 1, 800 cfs 

B. 3, 600 cfs 

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE PRELIMINARY INLET 

1 :21. 91 Scale Model 

Figure 9 
Report Hyd-517 
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Figure 10 
Report Hyd-517 

A. 1,800 cfs 

B. 3, 600 cfs 

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE PRELIMINARY VERTICAL BEND 
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A. 31 250 cfs with wind-generated waves. 

C. 21 500 cfs 

E. 800 cfs 

Figure 14 
Report Hyd-517 

B. 3; 250 cfs 

D. 1., 500 cfs 

F. 31 600 cfs 

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE RECOMMENDED INLET APPROACH AREA 

1 :24. 52 Scale Model 
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Figure 15 
Report Hyd-517 

A. 3. 250 cfs 

C. 800 cfs 

B. 3. 250 cfs with waves. 

D. 800 cfs with waves. 
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Figure 16 
Report Hyd-517 

A. 3, 250 cfs 

B. 3, 250 cfs.· 

with reservoir waves. 

C. 1, 500 cfs 

D. 1, 500 cfs 
with reservoir waves. 

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE RECOMMENDED VERTICAL BEND 

1 :24. 52 Scale Model 
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Figure 17 
Report Hyd-517 

A. 3,250 cfs 

B. 3, 250 cfsl 

with reservoir waves. 

C. 1, 500 cfs 

D. 1, 500 cfs 
':with reservoir waves. 

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE RECOMMENDED CONDUIT 

1 :24. 52 Scale Model 
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1:24.52 SCALE MODEL 
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SECTION C-C 

EXPLANATION 
------- 1500 c.f.s. 
----- 3250 c.f.s. 

3600 c.f. s. 

NOTES 
@Designates a piezometer location. 
Section profiles ore the zero pressure 

datum. 
Pressures above atmospheric ore plotted 

normal to the section profile. 
Piezometer elevations ore identical in 

Sections A-A, B·B and c-c 
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PRESSURES AND FLOW DEPTH* 

3600 3250 2500 1500 
PIEZ. c.f.s. c. f.s. c.f. s. c.f. s. 
NO. PRESS FLOW DEP. PRESS FLOW DEP. PRESS FLOW DEP. PRESS FLOW DEP. 

FT. H20 FT. FT. HaO FT. FT. HaO FT. FT.H,P FT. 

5.40 2.20 2.70 
28 27.20 11.75 to 2.0 to 1.25 to 1.00 

11.90 4.0 1.50 
25.00 20.10 

29 33.50 9.25 29.80 8.75 to 4.25 to 2.50 
24.40 21.00 

30 31.50 7.25 26.0 6.75 21.20 5.25 14.50 3.50 

31 7.90 6.75 7.40 6.75 5.70 5.25 4.50 4.00 

32 7.10 6.50 6.50 6.25 5.20 5.25 3.90 4.00 

33 7.10 6.75 6.80 6.50 5.30 5.25 4.50 4.50 

34 6.80 6.75 6.60 6.50 5.30 5.25 4.00 4.00 

* Flow Depths measurements were estimated and ore not accurate closer 
than to about 0.25 feet. 
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NOTES 
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EXPLANATION 
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A. 3, 600 cfs T. W. Elev. 168. 00 

B. Erosion after 2 hours of model operation 
at 3, 600 cfs. 

Note: V 1 = 63. 7 fps and D 1 = 2. 26 feet 

SAN LUIS FOREBAY DAM SPILLWAY 

Figure 20 
Report Hyd-517 

FLOW AND EROSION IN THE PRELIMINARY BASIN 

1:21.91 Scale Model 
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EXPLANATION 
SYMBOL DISCHARGE T.W. El. 

3600 168,0 
3600 170.0 
3600 166.0 
3600 164.0 

D1= 2.78' at Basin width 25' 
v, = 52'1sec. 
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FIGURE 21 
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t SECTION 

------Mini mum and Maxi mum pressures C-. at Piez. @ for various T. W. Elev. 

,,·Minimum and Maximum pressure 
at Piez. @ for Tai lwater El. 168.0 
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· _J-T.W. El. 170.0 

::H.W. El. 168.0 
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I I 

STRUCTURE SCALE - IN FEET 

11°, I I I I I II .Y 'i° •p 
PRESSURE SCALE IN FEET OF WATER 

DETAIL I 
CHUTE BLOCK 

Piezameters 70, 71, and 72 ore 
an downstream face of chute 
block. No. 70 is on ct. No. 73. 
is an the floor at downstream 
corner of chute block. 

NOTES 
Designates piezometer location. 
Elevation of piez. openings is 

atmospheric pressure datum. 

SAN LUIS FOREBAY DAM SPILLWAY 

PRESSURES IN THE PRELIMINARY TRANSITION SECTION 
AND STILLING BASIN 

J:21.91 SCALE MODEL 
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A. 3, 600 cfs T. W. Elev. 170. 00 

C. Before erosion test. 

Figure 22 
Report Hyd-517 

B. 3,600 cfs T. W. Elev. 
170,00 

D. Erosion after 2 hours of 
model operation at 3,600 
cfs. 

Note: V 1 = 57. 8 fps and D1 = 2. 5 feet 

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW AND EROSION IN THE FIRST MODIFIED BASIN 

1:21. 91 Scale Model 
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D1 = 2.78 feet, V1 = 52 feet per second 

Froude number = 5.5 

SAN LUIS FOREBAY DAM SPILLWAY 
WATER SURFACE-PROFILES IN THE FIRST MODIFIED BASIN 
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A. 3,600 cfs T. W. Elev. 170. 00 

Figure 24 
Report Hyd-517 

B. Erosion after 2 hours of model operation at 
3, 600 cfs. 

Note: V 1 = 63. 7 fps and D1 = 2. 26 feet 

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW AND EROSION IN THE SECOND MODIFIED BASIN 

1 :21. 91 Scale Model 
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* DYNAMIC PRESSURES 
IN FEET DF WATER 
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a:- a:_ - :, 3' .... 
uJ X ulz .. XI- _J > .. 
>"' >-

,. ,.o _ ..... .. ,. ,.,. :,=> 
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_J ,_ .. ... ® 

22 2 12 44 172 

18 7 12 40 172 

10 I 5 22 172 

16 13 14 2 172 

13 0 7 35 170 

15 3 9 33 170 
6 -I 3 18 170 

15 10 12 9 170 

I I I 9 168 

4 -2 I 20 168 

- - - - 168 

II 7 9 II 168 
I I I 0 166 
-I -6 -4 5 166 

- - - - 166 
9 5 7 9 166 

* Pressures obtained by transducers. 
® Tailwater elevation shown ore for 

the modified basin. 
Subtract 0.5 feet for the recommended 

basin. 
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i SECTION 

EXPLANATION 
------ Water Manometer pressure gradients 

for 3600 c.f.s. at tailwater elevation 
170.00 in the modified basin and 
for 3600 c.f.s. at tailwater elevation 
169.50 in the recommended basin. 

--- Water Manometer pressure gradients in 
preliminary transistian and chute for 
3600 cfs. at tailwater elevation 3170. 
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FIGURE 25 
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NOTES 
@ Designates piezometer location. 

Elevation of piezometer openings 
is atmospheric pressure dotum. 

10 

Average entrance velocity, V1 and 
depth D1 equol 60 feet per 
second and 2.4 feet respectively. 

0 ,o 20 

WATER MANOMETER PRESSURE SCALE 
IN FEET OF WATER 

SAN LUIS FOREBAY DAM SPILLWAY 

PRESSURES IN PRELIMINARY TRANSISTION AND 
SECOND MODI Fl ED BASIN, AND RECOMMENDED 

CHUTE, 
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1:21.91 SCALE MODEL 

67 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



FIGURE 26 
R PORTHYD-517 

Ii 
I 

WATER MANOMETER PRESSURE 
10 0 10 

WATER MANOMETER PRESSURES IN FEET OF WATER 

EXPLANATION 
All flows = 3600 c.f.s. 

------Tailwater El. 172.00 * DYNAMIC PRESSURES 

667 

------Tailwater El. 170.00 IN FEET OF WATER 
-------Tail water EI. 168.00 
------- Tail water E 1. 166.0D 

NOTES . 
@Designates piezometer location. Elevation 

of piezometer openings is atmospheric 
pressure datum. @ is on the basin floor. 
Entrance velocity at chute blocks v, and 
depth o, equal 60 feet per second and 
2.4 feet respectively. See Figure 25 for 
other basin pressures. 
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FIGURE 27 
REPORT HYD-517 

Discharge Q = 3600 c.f.s. 
Velocity v1 computed at 

chute blocks for basin 
width of 25 feet. 

Basin Apron at El. 146.50 
Tailwater at El. 110.00 
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VELOCITY V1 IN FT./SEC. VELOCITY V1 IN FT./SEC. 

SAN LUIS FOREBAY DAM SPILLWAY 
CHUTE BLOCK PRESSURES VS. ENT RANCE VELOCITY 

IN SECOND MODIFIED BASIN 
1:21.91 SCALE MODEL 
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A. 3. 250 cfs T. W. Elev. 169. 5 

Figure 28 
Report Hyd-517 

B. 3. 250 cfs T. W. Elev. 169. 50 

Note: V 1 = 63. 7 fps and D1 = 2. 26 feet 

C. 900 cfs T. W. Elev. 165. 25 D. Erosion after 2 hours of model operation at 
3. 250 cfs. 

SAN LUIS FOREBA Y DAM SPILLWAY 
FLOW AND EROSION IN THE RECOMMENDED BASIN 

1:21. 91 Scale Model 
GPO 847-889 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



7-1750 
(!0-64) 

CONVERSION FACTORS--BRITISH TO METRIC UNITS OF MEASUREMENT 

The following conversion factors adopted by the Bureau of Reclamation are those published by the American Society for 
Testing and Materials (ASTM Metric Practice Guide, Januacy 1964) except that additional factors (*) camnonly used in 
the Bureau have been added. Further discussion of definitions of quantities and units is given on pages 10-ll of the 
ASTMMetric Practice Guide. 

The metric units and conversion factors adopted by the ASThl are based on the "International System of Units" (designated 
SI for Systeme International d 1Unites), fixed by the International Committee for Weights and Measures; this system is 
also known as the Giorgi or MKSA (meter-kilogram (mass)-second-ampere) system. This system bas been adopted by the 
International Organization for standardization in ISO Recamnendation R-Jl. 

The metric technical unit of force is the kilogram-force; this is the force which, when applied to a boey having a 
mass of 1 kg, gives it an acceleration of 9.80665 m/sec/sec, the standard acceleration of free fall toward the earth's 
center for sea level at 45 deg latitude, The metric unit of force in SI units is the newton (N), which is defined as 
that force which, when applied to a boey having a mass of 1 kg, gives it an acceleration of 1 m/sec/sec. These units 
must be distinguished from the (inconstant) local weight of a boey having a mass of 1 kg; that is, the weight of a 
boey is that force with which a boey is attracted to the !!STth and is equal to the mass of a boey multiplied by the 
acceleration due to gravity. However, because it is general practice to use "pound" rather than the technically 
correct term "pound-force," the term "kilogram" (or derived mass unit) bas been used in this guide instead of "kilogram­
force" in expressing the conversion factors for forces. The newton unit of force will find increasing use, and is 
essential in SI units. 

Mil. 
Inches 

Feet. 

Multiply 

Yards, • , •• 
Miles (statute) 

Square inches. 
Square feet. 

Square yards 
Acres, ••• 

Square miles 

CUbic inches 
Cubic feet • 
Cubic yards. 

Fluid ounces (U.S.) 

Liquid pints (U.S.) 

Quarts (U .s.). 
Gallons ( U ,S .) 

Gallons (U .K.) 

CUbic f'eet • 
CUbic yards 
Acre-f'eet, 

Table 1 

QUANTITIFS AND UNITS OF SPACE 

By 

LENGTH 

25.4 (exootly). 
25,4 (exactly) •• 
2.54 (exactly)• 

30. 48 (exactly) • • 
0,:3048 (exactly)* •• 
0.0003()48 (exactly)• • 
0.9144 (exactly) • 

1,609.344 (exactly)* • 
1.609344 (exactly) 

AREA 

6,4516 (exactly) 
929.0J (exactly)* •• 

0,09290.3 (exactly) 
0.836127 • 
0,404691! • 

4,046.9* •• 
0.0040469* 
2.58999 •• 

VOLUME 

16.3871 •• 
0.0283168 
0.764555. 

CAPACITY 

29.57.37 •• 
29.5729 •• 
0.473179. 
0.47.3166. 

9,463.58 ••• 
0,946358. 

3,785.43* •• 
3.78543 • 
3.78533 •• 
0,0037854'.3* 
4.54609 
4.54596 

28.3160, 
764,55* 

1,233.5* 
• 1,233,500* 

To obtain 

• Micron 
• Millimeters 
• Centi.meters 
, Centimeters 
• Meters 
• Kilomsters 
• Meters 
• Meters 
• Kilometers 

• Square centimeters 
• Square centimeters 
• Square meters 
. Square meters 
• Hectares 
• Square meters 
• Square kilometers 
• Square kilometers 

CUbic centimeters 
CUbic meters 
CUbic meters 

• CUbic centimeters 
, Milliliters 
• cubic decimeters 
• Liters 
• CUbic centimeters 
• Liters 
• Cubic centimeters 
• CUbic decimeters 
• Liters 
• CUbic :meters 
• CUbic decimeters 
• Liters 
• Liters 
• Liters 
• CUbic :meters 
• Liters 
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Mul.tipzy 

Grains (1/7,000 lb) •• , 
Troy O\Dlces (480 grains). 
OUnces (avdp) •••• 
Pounds (avdp) • • • • 
Short tons (2,000 lb) 

Long tons (2,240 lb) 

Pounds per square inch 

POIDlds per square foot 

Ounces per cubic inch • • • 
POIDldS per cubic foot • • • 

Tans (long) per cubic y,.;.,_ • 

OUnces per gallon ( U .s . ) . 
OUnces per gallon ( U .K. ) • 
POIDlds per gallon ( U .s.) . 
Pounds per gallon (U.K.). 

Inch-pounds 

Foot-pounds 

Foot-powids per inch 
OUnce-inches 

Feet per second 

Feet per year • 
Miles per hour 

Feet l?!!:. second2 

~ 

MASS 

64 .'19891 ( exactzy) • 
31.1035 •••••• 
28.3495 ••••••• 
0.45359237 (exactzy) 

907.185 •• 
• 0.907185 •• 
• 1,016.05 •••• 

FORCE/AREA 

0 • 0703Cfl 
0.689476 
4.88243 

47.8803 -· 

MASS/VOLUME (DENSITY) 

1.72999 • 
16.0185 •• 

0.0160185 
1.32894.~ 

MASSLCAPACITY 

7.4893 
6.2362 

119.829 
99. 779_ 

BENDING MJMEllT OR TORQDE 

O.Oll521 ••• 
1.12985 X 166 
0.138255 ••• 
1.35582 X 107 
5.4431 •••• 

72.008 •••• 

VELOCITY 
30.48 (exactfy) •• 
0.3048 (exactly)* 
0.965873 X 10-6it • 
1.609344 ( exactzy) 
0 .44704 ( exactly) 

ACCELERATION* 
0.3048* ••• 

FW/1 
cubic feet per second ( second-

feet) •••••••••••• 0.028317*. 
0.4719 •• 
0~06309 _._ 

CUbic feet per m!mrte • • 
Gallons (U.S.) per mlnute 

~ 

g_UANTIT®_AIID JmlTS OF MECHANICS 

To obtain 

• Milllgr8JllS 
• Grama 
• Orama 
• Kilograma 
• Kilogrems 
• Metric tans 
• Ki_l.<£!!!!_ 

• Kilogl'WDS per squere centimeter 
• Newtons per squere centimeter 

Kilograms per square meter 
Newtons per square meter 

• Orama per cubic centimeter 
Kilograms per cubic meter 
Orama per cubic centimeter 
Orama per cubic centimeter 

• Orama per liter 
• Orama per liter 
• Orama per liter 

Orama per liter 

• Meter-kilograms 
• Centimeter-eynes 
• Meter-kilogrems 
• Centimeter~es 
• Centimeter-kilogl'WDS per centimeter 
, Oram-centimeters 

• Centimeters per second 
• Meters per second 
• Centimeters per second 
• Kilomaters per hour 
• Meters per second 

,_Meie.!!!....J1!!.r second2 

CUJ:>ic meters per second 
Liters per second 
Liters per second 

Mul.tipzy 

Pounds 

British thermal units (Btu). 

Btu per pound. 
!'Q<!1-~ 

Horsepower • • • • • • 
Btu per hour • • • • • 
Foot-~r second 

Btu in./hr ft2 deg F (k, 
thermal conductivity) 

Btu rt/hr ft2 deg F • • • • 
Btu/hr rt2 deg F (C, thermal 

conductance) • • • • • • • 

Deg F hr rt2/Bt~ (R; th~,,;..i 
resistance) • • • • • • • • • 

Btu/lb deg F ( c, heat capacity). 
Btu/lb deg F • • • • • • • • • • 
Ft2/hr (thermal diffuaivity) 

Grains/hr ft2 ( water vapor 
transmission). • • • • • 

Perms ( permeance) • • • • . 
Perm-inches (permeability) 

Mul.til!!l 
Cubic feet per square foot per 

dey (seepage) • • • • • • • 
Pound-seconds per square foot 

(viscosity) ••••••••••• 
Square feet per second (viscosity) 
Fahrenhe:l:t degrees (change)* • 
Volts per mil. • • • • • • • • 
Lumens per square foot ( foot-

candles) 
Ohm-circular mils per foot 
Millicuries per cubic foot 
Milllamps per square foot 
Gallons per square yard 
Pounds per inch. 

By 

FORCE* 

0.453592* ••• 
4.4482* •••• 
~ X lQ-5* • 

WORK AND JNEBGY* 

0.252* ••••• 
1,055.06 •••••• 

2 • 326 ( exactzy) • 
l.1_~582* .______.___._ 

POWER 

745.700 •••• 
0.293071 •• 
l.1_5582_._._ 

HEAT TRANSFER 

1.442 • 
0.1240 • 
1.4880* 

0.568 
4.882 

1.761 
4.1868 
1.000* 
0.2581 • 
0.0929Q* 

WATER VAPOR TRANSMISSION 

16.7 • 
0.659 
1.67 

!!2!!..ill. 
OTHER Q[JANTITIES AND UNITS 

.!!l. 

304.8* 

4.8824* ••••• 
0.02903* (exactzy) 
5/9 exactzy. 
0.03937. 

10.764 • 
0.001662 

35.3147* 
10.7639* 

4.527219* 
0.1785~ 

To obtain 

Kilogl'WDS 
Newtons 
Bl!!_es 

• Kilogram calories 
• Joules 

JOlles per gram 
·- Joul.es 

• Watts 
• Watts 
, Watts 

• Milliwatts/cm deg C 
• Kg cal/hr m deg C 
• Kg cal m/hr m2 deg C 

• Milllwatts/cm2 deg C 
• Kg cal/hr ,iii. deg C 

• Deg C cm2/milliwatt 
• J/g deg C 
• Cal/gram deg C 
• cm2/sec 
~ 

• Orama/24 hr m2 
• Metric perms 
, Metric_ perm-centimeters 

To obtain 

• Liters per square meter per dey 

• Kilogram second per square meter 
• Square meters per second 
• Celsius or Kelvin degrees (change)* 
• Kilovolts per millimeter 

• Lumens per square meter 
• Ohm-square millimeters per meter 
• Milllcuries per cubic meter 
, Milliamps per square meter 

Liters per square meter 
Kilograms per centimeter 

GPO 845-237 
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ABSTRACT 

Model studies were conducted to develop the hydraulic design of the 
morning glory inlet and its approach, the vertical bend, the hori­
zontal conduit, and the stilling basin. The diameter of the morning 
glory inlet and conduit was increased to accommodate the design 
flow at maximum reservoir elevation. A deflector, air vent, and 
guide vanes were installed in the vertical bend to direct the flow to 
the invert of the conduit and to reduce the oscillation of the flow 
through the conduit. The size of the stilling basin was increased 
and the end sill modified to eliminate the need for intermediate 
baffle piers. 

ABSTRACT 

Model studies were conducted to develop the hydraulic design of the 
morning glory inlet and its approach, the vertical bend, the hori­
zontal conduit, and the stilling basin. The diameter of the morning 
glory inlet and conduit was increased to accommodate the design 
flow at maximum reservoir elevation. A deflector, air vent, and 
guide vanes were installed in the vertical bend to direct the flow to 
the invert of the conduit and to reduce the oscillation of the flow 
through the conduit. The size of the stilling basin was increased 
and the end sill modified to eliminate the need for intermediate 
baffle piers. 

ABSTRACT 

Model studies were conducted to develop the hydraulic design of the 
morning glory inlet and its approach, the vertical bend, the hori­
zontal conduit, and the stilling basin. The diameter of the morning 
glory inlet and conduit was increased to accommodate the design 
flow at maximum reservoir elevation. A deflector, air vent, and 
guide vanes were installed in the vertical bend to direct the flow to 
the invert of the conduit and to reduce the oscillation of the flow 
through the conduit. The size of the stilling basin was increased 
and the end sill modified to eliminate the need for intermediate 
baffle piers. 

ABSTRACT 

Model studies were conducted to develop the hydraulic design of the 
morning glory inlet and its approach, the vertical bend, the hori­
zontal conduit, and the stilling basin. The diameter of the morning 
glory inlet and conduit was increased to accommodate the design 
flow at maximum reservoir elevation. A deflector, air vent, and 
guide vanes were installed in the vertical bend to direct the flow to 
the invert of the conduit and to reduce the oscillation of the flow 
through the conduit. The size of the stilling basin was increased 
and the end sill modified to eliminate the need for intermediate 
baffle piers. 
Report No. Hyd-517 
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Report No. Hyd-517 
G. L. Beichley 
HYDRAULIC MODEL STUDIES OF SAN LUIS FOREBAY DAM 
SPILLWAY 
Laboratory Report, Bureau of Reclamation, Denver, 13 p, 28 fig, 
1 tab, 3 ref, 1964 

DESCRIPTORS- -*Spillways/ spillway crests /discharge coefficients/ 
hydraulic conduits/bends/hydraulic models/piezometers/*stilling 
basins/ guide vanes /hydraulic jumps /hydraulic similitude 

IDENTIFIERS- -*Morning glory inlets/ subatmospheric pressures/ 
conduit deflectors/baffle blocks 
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